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Abstract 
Germinated parboiled rice (GPR) is recognized as a functional food because 
it is rich in bioactive compounds, especially gamma-aminobutyric acid 
(GABA). GPR was produced by soaking, incubating, steaming, and then 
drying using a high-precision hot air dryer. The results indicated that air 
flow mode and drying temperature had significant effects on the quality of 
GPR. Drying at higher temperatures and shorter times conserved GABA 
content. Using through-flow mode decreased drying time and prevented 
color change. However, a slightly lower percentage of head rice yield was 
observed. Moreover, using through-flow mode negatively affected the 
hardness loss after cooking. 
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1. Introduction 
Germinated parboiled rice (GPR) is a product that can be promoted as a functional food. 
The characteristics of GPR are shorter cooking time, softer texture and higher contents of 
bioactive compounds than the normal rice. Nowadays, the GPR production in Thailand is 
performed by soaking paddy rice in water and then incubating until the radicle grows to a 
length of 0.5 - 1.0 mm. After that, the germinated paddy is steamed until being cooked. 
Subsequently, the germinated parboiled paddy is sun dried to a final moisture content of 
14%.[1] Dried germinated parboiled paddy is dehusked, then the final product is packed.  
During the germination, enzymes in paddy rice are activated and bioactive substances 
greatly increase.[2] Gamma-aminobutyric acid (GABA) is a free amino acid, substantially 
increased by the germination process.[3] GABA has a beneficial effect on human health, 
such as decreasing stress-related nerve impulses in the brain and promoting relaxation and 
sleep.[4] Parboiling is a hydrothermal process, causing certain changes in paddy rice, 
including taste, texture, starch gelatinization, inactivation of enzymes, easier dehusking and 
increased head rice yield.[3] Sootjarit et al.[5] reported that germinated rice rapid drying at 
high temperatures (80⁰C - 140⁰C) resulted in a significant higher GABA content in 
comparison to drying at a lower temperature (50⁰C). However, high temperature can easily 
cause overheating and cracking of grains which leads to low milling quality.[6]  
Therefore, the suitable drying temperature for GPR production to conserve overall quality 
considering GABA content, milling and cooking properties is essential. Besides the drying 
temperature, the effect of air flow mode in the drying chamber is also important for 
efficient the drying process of a good quality GPR.  
“Hom-Nil” is a pigmented Thai rice. It is also known as purple rice, that contains varieties 
of bioactive compounds such as antioxidants, phenolics, β-carotene and anthocyanins.[7] 
Nowadays, it is commonly used for producing GPR in Thailand. Thus, the objective of this 
study was to study the effect of drying temperatures and modes of drying air on the GABA 
content and quality of germinated parboiled purple rice. 
2. Materials and Methods 
Thai purple paddy rice variety ‘Hom Nil’ with a moisture content of 11.28 ± 0.28% (w.b.) 
was used in this study. Paddy rice was purchased from the farmer in Nakorn Pathom, 
Thailand and brought to Stuttgart, Germany by airfreight. It was cleaned to separate foreign 
matter before conducting the experiments. 
2.1. Preparation of germinated parboiled rice (GPR) 
Purple paddy rice ‘Hom Nil’ was soaked in water at 35C for 24 h before draining then 
incubated at 35C for 16 h. Germinated paddy rice was then parboiled by steaming for 30 
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min. The germinated parboiled paddy was dried under various conditions. Thin layer 
convective drying was conducted using a high-precision hot air laboratory dryer designed 
at the Institute of Agricultural Engineering, University of Hohenheim, Germany.[8] 
Germinated parboiled paddy samples were dried under two different air flow modes, over-
flow (OF) and through-flow (TF), in a drying chamber (Fig. 1). Drying temperatures were 
varied at 40, 50, 60, 70 and 80°C with a constant specific humidity of 25 g/kg dry air and 
an air velocity of 1.0 m/s. The temperature inside the germinated parboiled paddy was 
monitored by thermocouples inserted into the middle of rice kernels during the drying 
process. Drying was carried out until the moisture content of germinated parboiled paddy 
rice reached 13% (w.b.). Drying experiments were performed in triplicate. Dried 
germinated parboiled paddy was kept in vacuum-sealed aluminium foil pouches at 23 ± 
2°C and humidity of 52 ± 3% for 1 day before dehusking. The husk was removed from 
kernel using a laboratory de-husker (TR250, Kett, Califonia, USA). One hundred grams of 
germinated parboiled rice (GPR) was then vacuum packed in aluminium foil pouches and 
kept at a temperature of 23 ± 2°C and humidity of 52 ± 3% before quality analyses.  
                                        
                        Over-flow mode (OF)                                  Through-flow mode (TF) 
Fig. 1 Hot air direction in two air flow modes inside drying chamber of the dryer. 
 
2.2. Quality analyses 
2.2.1. Head rice yield (HRY) 
After dehusking, the head rice yield was determined using the following formula:[9] 
HRY  (%) = (mass of head rice / mass of GPR) × 100                               (1) 
2.2.2. Color measurement 
A colorimeter (CR-400, Minolta Co., Ltd., Tokyo, Japan) was used to measure color of a 
whole kernel of dried GPR. Rice samples were filled in a petri dish with diameter of 100 
mm and thickness of 15 mm. Measurements were made with illumination area of 11 mm in 
five positions of a petri dish. The color values were reported in L*, a*, b* color 
coordination system with a D65 illuminant and 10° observer.   
2.2.3. Texture analysis 
Hardness of cooked GPR was measured using a texture analyzer (TA-XT2i, Stable Micro 
systems, Surrey, UK) with slightly modified method of Srisang et al.[10] Before testing, the 
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samples were prepared by cooking 25 g GPR samples in a 250 mL beaker, with 75 mL 
distilled water about 30 min. Ten of cooked rice kernels were selected from the center of 
the beaker after cooled at 23 ± 2°C for 30 min. The cylindrical probe with a size of 50 mm 
was used for testing cooking characteristics. The peak force of the first compression is 
represented as hardness. The texture profile analysis was repeated five times per replicate.  
2.2.4. Determination of gamma-aminobutyric acid (GABA) content 
Sample extraction was performed with a modified method of Hayat et al.[11] GPR samples 
were ground and sieved through 1 mm mesh. Five grams of ground sample were added 20 
mL of 80% (v/v) methanol and then homogenized for 3 min. The suspension was 
centrifuged at 5000 rpm, 4⁰C for 10 min and the supernatent was collected. Extraction steps 
were repeated twice then the whole supernatant was filtered through a 0.45 μm of nylon 
membrane filter with vacuum pump. Supernatants were evaporated under a vacuum at 60°C 
using a rotary evaporator and adjusted to 5 mL using 80% methanol. The extracted solution 
was kept at -18°C until analysis.  
The GABA contents were determined by a HPLC (model RF-20A prominence, Shimadzu, 
Kyoto, Japan). The extracted solution (1 mL) was mixed with 1 mL of derivatizing reagent 
(0.75% of 2-hydroxynaphthaldehyde) and 0.6 mL of borax buffer (pH 8.0). The reaction 
was performed at 80⁰C for 10 min.[12] After the derivatization, chromatographic separation 
was done by a C18 column (Phenomenex, California, USA) at 30°C using methanol : water 
(62 : 38 v/v) at a flow rate of 1 mL/min as a mobile phase and detected by a diode array UV 
detector at 254 nm. Results are expressed in mg GABA per 100 g (d.b.). Authentic GABA 
(Sigma-Aldrich, Munich, Germany) was used as a standard. 
3. Results and Discussion 
3.1. Drying time 
After germination, samples absorbed water, and therefore, the moisture content increased 
from 11.28 ± 0.28 to 36.32 ± 0.19% (w.b.). After steaming, the moisture content of paddy 
increased to 41.51 ± 0.71% (w.b.). The drying times required for removing the water in 
parboiled germinated paddy to the moisture content of 13% (w.b.) at the drying 
temperatures of 40, 50, 60, 70 and 80°C in an OF mode were 390, 195, 130, 100 and 85 
min, respectively, while in TF mode were 180, 110, 75, 55 and 45 min, respectively. As 
expected, higher drying temperature reduced the drying time in both drying air flow modes. 
Drying using a TF mode shortened the drying time by about half compared to an OF mode 
at each temperature. This result could be explained by the more uniform airflow 
distribution in a drying chamber when using a TF mode compared with an OF mode.[13] 
Uniformity of drying air velocity is known to improve the heat distribution.[14]    
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3.2. Quality of dried GPR 
3.2.1. Head rice yield  
Fig. 2 presents the temperatures of drying air, inside temperatures of GPR kernels during 
drying and the percentages of HRY after dehusking. For a TF mode, a slightly lower 
percentage of HRY was observed, as compared with the same drying temperature in an OF 
mode (Fig. 2 F). This present finding is consistent with other research which found that 
HRY decreased when drying temperature increased.[9] This result can be explained in part 
by the kernel temperature of TF samples, which increased faster than those of OF samples 
at the same drying temperature (Fig. 2 A-E). This phenomena caused the cracking inside 
GPR kernels and lead to kernel breakage during dehusking. The findings are in agreement 
with Tirawanichakul et al.[15] where the drying air temperature affected HRY of paddy.              
                        
                       
                                    
Fig. 2 Hot air and GPR kernel temperature during drying at 40⁰C (A), 50⁰C (B), 60⁰C (C), 70⁰C 
(D), 80⁰C (E) and percentage of head rice yield (F) in two airflow modes.  
 
3.2.2.   Color of GPR 
In this study, airflow mode had a significant effect on color of GPR (Fig. 3). GPR obtained 
from the drying process with a TF mode had higher lightness (L*) and redness (a*) than 
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using an OF mode. Comparing between two drying air flow modes, TF mode showed color 
values closed to the color of raw materials. The purple color of rice kernels is due to the 
presence of anthocyanin in the bran.[16] Difference in color changes in these two airflow 
modes might be caused by different contact intensity between hot air and rice bran that 
affected the degradation of anthocyanin contents. However, the study of an impact of 
airflow modes on the anthocyanin contents in GPR is currently ongoing. Chen et al.[17] 
reported that using different drying methods, significantly affects the rice color.  
 
Fig. 3 Color of GPR obtained from drying at various drying temperatures in two airflow modes. 
 
3.2.3.    Hardness of cooked GPR 
Hardness of cooked GPR was different among the difference drying conditions (Table 1). 
Hardness of dried GPR samples using OF mode was higher than TF mode. This study 
found a decreasing trend in hardness when increased drying temperature was used under 
both airflow modes. Drying GPR at 40 and 50⁰C in OF mode showed higher hardness than 
brown rice (123 ± 6 N). However, higher drying temperature leads to the reduction of 
hardness after cooking. Cracking inside grain kernels could result in an increase of water 
uptake and consequently cause lower hardness in rice. This was confirmed by a percentage 
of HRY mentioned in previous section of this study. 
Table 1. Hardness of cooked dried GPR  at various drying temperatures in two airflow modes. 
Drying Hardness (N) of cooked GPR 
Temperature (⁰C)                over-flow             through-flow 
40                140 ± 6 a                111  ± 4b 
50                133 ± 4 a                109  ± 5 bc 
60                  99 ± 5 d                  73  ± 0 e 
70                101 ± 8 cd                  66  ± 1 ef 
80                  94 ± 1 d                  60  ± 1 f 
Data are the mean values ± standard deviation and different letters indicate significant difference 
among mean values in lines and columns (P≤ 0.05 according to Duncan’s test).  
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3.2.4. GABA content 
GABA content significantly increased after germination process and elevated again after 
parboiled process (Fig. 4A). After drying (Fig. 4B), GABA content decreased, especially 
after prolonged drying at low temperature. Drying at higher temperatures and shorter times 
prevented GABA degradation, especially at 80⁰C. This finding is in agreement with 
Cheevitsopon and Noomhorm[18] who showed drying temperature and time had significant 
effects on GABA content in rice. In addition, this study found that airflow modes did not 
significantly influence the levels of GABA.  
   
Fig. 4 GABA content of GPR dried at various temperatures in two airflow modes.   
Values are the mean and bars indicate standard deviation and different letters indicate significant 
difference among mean values (P≤ 0.05 according to Duncan’s test). 
 
4. Conclusions 
The present study was designed to determine the effect of drying conditions on GABA 
content and quality of GPR. After drying, GABA content of all samples increased 
compared to the paddy rice due to the germination and steaming process. However, GABA 
content decreased after drying, especially after prolonged drying at low temperature. 
Overall, this study showed that GPR drying under the optimal drying conditions, namely 
using TF mode, significantly conserved color of GPR. However, using an TF mode at high 
drying temperature leads to low percentage of HRY and reduced hardness after cooking. 
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